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STRUCTURE TUBULAIRE DE PREFORME OU DE MATRICE 
POUR LE TUBAGE D'UN PUITS 

La presente invention concerne une structure tubulaire de 
preforme ou de matrice pour Je tubage d'un puits, notarnment d'un puits de 
forage petroiier. 

Dans la presente description, et dans les revendications, on 
5 entendra par le terme "tubage" un tube de consolidation d'un puits, par le 
terme "preforme" une structure tubulaire qui est initialement souple et est 
ensuite durcie pour se iier intimement et a derneure contre la paroi d'un 
puits (constituant ainsi un tubage), par ie terme "matrice" une structure 
souple et recuperable servant d'outil pour dilater la preforme et I'appiiquer 

10. contre la paroi du puits avant son durcisement. 

Le terme "tubing de production" vise un tube coaxial a un 
tubage, et de plus petit diametre, permettant de vehiculer ie fluide produit 
par le puits (eau ou petrole notarnment). 

Le centrage et I'etancheite de ce "tubing" dans le tubage sont 

15 realises au moyen d'un obturateur gonflabie hydrauliquement, couramment 
designe par le terme anglais "packer". 

Pour ie tubage d'un puits He forage petrolier, ainsi que pour 
des applications similaires, il a deja ete propose des preformes tubulaires 
souples et durcissables, destinees k €tre rnises en place a I'etat plie - etat 

20 dans lequel eiles possedent un encombrement radial faibie - puis a etre 
depiiees radiaiement, par application d'une pression interieure. Selon cette 
technique, qui est notarnment decrite dans les documents FR-A-2 662 207 
et FR-A-2 668 241, la preforme possede, apres deploiement radial, une 
forme strictement cylindrique, de diametre bien determine. 

25 Apres mise en place dans un puits ou une canalisation, on 

procede au durcissement de la paroi de la preforme, par exemple par 
polymerisation de cette paroi qui a une structure composite composee d'une 
resine impregrant des manches fiiamentaires. Ces manches assurent que la 
preforme est inextensible radiaiement. 

30 Selon ces techniques, il est necessaire de prevoir un diametre 

de tubage deploye qui soil iegerement inferieur au diametre du trou a 
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tuber de telle sorte que la parot du trou ne vienne pas modifier la forme 
cylindrique du tubage. L'espace annulaire ainsi forme, meme s'il est tres 
reduit, voire nul par endroits, doit etre le plus souvent rempli par un 
ciment pour parfaire Petancheite entre le trou et le tubage pose. 
5 Par ailleurs, dans sa forme repliee, la preforme tubulaire 

possede une section radiale inferieure de la moitie environ de sa section 
radiaie developpee, ce qui dans la plupart des cas est suffisant, mais peut 
s'averer insuffisant pour certaines applications. C'est pourquoi, 1'objectif de 
la presente invention est de resoudre ce probleme en proposant une 

10 preforme dont la structure presente une geometrie deformabie apte a venir 
s'appliquer sur les parois du trou a tuber (ou du tubage a chemiser) sans 
toutefois depasser certaines iimites, cette deformation etant maltrisee et 
variable en fonction des differentes applications. 

Un autre objectif de invention est de proposer une preforme 

1 3 dont le degre d'expansion soit nettement superieur a ceux obtenus avec les 
dispositifs connus du genre precite, Texpansion de la preforme se faisant en 
deux etapes r tout d'abord par deploiement radial, puis par expansion 
radiaie. 

Pour parvenir a ce resultat, Tinvention propose une structure 
20 tubulaire tressee, qui sera decrite plus loin, cette structure pouvant 
egalement s^ppiiquer a une matrice radialement expansible, c'est-a-dire a 
un outii amovible (et reutiiisabie) servant a I'expansion d'une preforme en 
vue du tubage d»un puits, que cette preforme possede ou non la structure 
seion rinvention. 

25 Ces resultats sont atteints, conformement a rinvention^ gr&ce 

au fait que la structure tubulaire de preforme ou de matrice proposee 
comprend au moins un tressage de meches souples composees de fibres, qui 
s'entrecroisent avec un certain jeu, de sorte que cette structure peut 
s'expanser radialement tout en se restretgnant en direction axiale sous 

30 reffet de Tapplication d'une surpression a rinterieur de la preforme ou de 
la matrice, 

Dans un mode de realisation preferentiel, ce tressage 
comprend deux series de meches s'entrecroisant symetriquement de part et 
d'autre des generatrices de la structure tubulaire, c'est-a-dire par rapport a 
35 son axe longitudinal, les meches de chaque serie etant paralleles entre 
el les. 
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De preference, chacune des series de meches forme un angle 
aigu avec I'axe longitudinal qui est compris entre 10° et 30*, et est de 
preference de I'ordre de 20% lorsque la structure se trouve dans son etat 
radialement contracte, tandis que cet angle est compris entre 30° et 70° 
5 lorsque la structure se trouve dans son etat radialement expanse. 

De preference, les meches sont plates, affectant la forme de 

rubans. 

La preforme tubulaire, qui fait egalernent robjex de 
I'invention, est remarquable par le fait qu'elie possede une structure telle 
10 que decrite ci-dessus. 

Dans un mode de realisation preference], la preforme possede 
une paroi en materiau composite, formee d*un milieu fluide et durcissabie 
dans leque! est noyee ladite structure, ce milieu etant confine entre des 
peaux interieure et exterieure en materiau eiastique. 
15 Du reste, la peau interieure pourralt etre la paroi m*me de la 

matrice. 

De preference ce materiau est une resine durcissabie, par 
exemple poiymerisable a chaud. 

Dans un mode de realisation possible, la peau exterieure 
20 possede des reliefs, par exemple sous forme de renflements annulaires. 

Avantageusement, la structure comprend plusieurs structures 
elementaires tubulaires coaxiales qui sont conformes a rinvention, ces 
differentes structures tubulaires etant emmanchees les unes dans les autres 
avec possibilite de glissement reiatif. 
25 De preference, la structure est suffisamment souple pour 

pouvoir itre repliee sur elle-m*me longitudinalement lorsque la structure 
se trouve dans son etat radialement contracte. 

Ainsi, si on a affaire a une preforme, au cours de sa mise en 
place dans le puits ou dans la canalisation, on commence par la deplier a 
30 partir d*une extremite afin de lui donner une forme approximativement 
cylindrique, puis on procede a son expansion radiale, par deformation de la 
structure ; le deploiement par depliage et I'expansion subsequente sont 
realises par application d*un fluide a I'interieur de la preforme. 

L'invention a egalernent pour objet une matrice tubulaire a 
35 paroi souple et radialement expansible, destinee a venir s'appikjuer 
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radialemcnt contre la paroi interieure d'une preforme avant et pendant le 
durcissement de ceile-ci, en vue de realiser le tubage d*un puits, et 
notamment d'un puits de forage petrolier. 

La paroi de la matrice est munie d'au moins une structure 
5 tubuiaire liee a un support elastique (egaiement tubulaire, et etanche) et 
comprenant un tressage de meches souples composees de fibres, qui 
s'entrecroisent avec un certain jeu, de sorte que cette structure et son 
support peuvent s'expanser conjointement en direction radiale, tout en se 
restreignant en direction axiale, sous Teffet d'une pression interne, tandis 
10 qu'inversement, elles peuvent se retreindre radialement en s'allongeant 
axialement sous Peffet d'une depression (vide) interne et/ou d'une traction 
axiale. 

Dans un mode de realisation avantageux d'une matrice 
conforme a ^invention, la struaure tubulaire est inseree entre deux 
15 membranes elastiques, i'une interieure et l'autre exterieure, 1'ensemble 
formant un manchon gonflable equipe d'un tube d'amenee de fluide dans le 
manchon. 

Selon un mode de realisation, une telle matrice est fixee a la 
preforme au moyen d'elements de liaison faciiement secables, permettant 
20 d'arracher la matrice apres I'operation de tubage, en iaissant ce dernier a 
l'interieur du tube ou de la canalisation. 

D'autres caracteristiques et avantages de 1'invention apparat- 
tront de la description et des dessins annexes qui en montrent a titre 
d'exempies non limitatifs des modes de realisation preferentiels. 
25 Sur ces dessins : 

- les figures 1, 2, 3 sont des schemas representant une 
preforme ou une matrice pourvue d'une structure tubulaire conforme a 
invention, cette preforme ou matrice etant representee respectivement a 
1'etat radialement contracte, dans un etat intermediate et dans un etat 

30 radialement expanse ; 

- les figures 1A, 2A et 3A sont des vues de detail representant 
ie tressage de meches souples constituant la structure, dans un etat de 
deformation correspondant respectivement aux figures 1, 2 et 3 ; 
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- la figure * est une vue en perspective avec arrachement 
d'une preiorme conforme a l'invention possedant piusieurs structures 
emmanchees les unes dans les autres ; 

- la figure 5 est une section iransversaie, a plus grande 
5 echelle, de la preforme de la figure ; 

- les figures 6A et 6B sont des vues schematiques de la section 
de la preforme axiaiement repiiee sur elle-mSme, dans deux configurations 
possibles differentes ; 

- les figures 7 et V sont des vues similaires de Tune ou l'autre 
10 des preformes des figures 6A ou 6B, respect ivement apres deploiement et 

apres expansion radiaie ; 

- la figure 8 est une vue similaire a ceile de la figure 2A 
montrant une variante du mode de tressage de la structure ; 

- la figure 9 est une vue schematique en coupe longitudinaie, 
15 d'une matrice et d'une preforme toutes deux conformes a l'invention, au 

cours de la mise en place de la preforme dans un puits, matrice et preforme 
etant deployees, mais non expansees radialement ; 

- la figure 9A est un detail a plus grande echelle de la zone 
de la paroi de la matrice et de la preforme qui est ref ereryzee A a la figure 

20 9 5 

- les figures 10, 10A f 10B, 10C et 10D sont des vues 
schematiques destinees a illustrer les differentes e tapes successives de la 
mise en place d'un tubage dans un puits de forage petrolier au moyen d'un 
tubing de production, a 1'aide de Tensemble matrice - preforme de la figure 

25 9. 

- la figure 11 iliustre un mode possible detraction de la 

matrice ; 

- les figures 12 et 12A representent le gonflage progressif 
d'une matrice au cours de la dilatation d'une preforme dans un puits. 

30 La preforme ou la matrice designee 1 sur les figures 1 a 3 a 

une forme tubulaire munie d'une structure tressee. Celle-ci est composee 
d'un entrelacement de deux series de meches plates, ou rubans 10a, 10b qui 
s'enroulent en helice pour constituer Tenveloppe de la structure. Les deux 
series sont de pas inverse, et les meches sont inclinees d'un angle aigu u 
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par rapport a la generatrice du tube quelle forme, qui est cyiindrique. Pour 
simplifier Texpose, on a pris comme reference Taxe XX' du tube sur les 
figures I a 3. Les deux series de meches 10a et 10b s'entrelacent a la 
maniere d'un cannage, symetriquement par rapport a Taxe XX', de part et 
5 d'autre de ce dernier. 



Chacune des meches 10 est formee d'une pluraiite de fibres ou 
de fils ayant une grande resistance mecanique, et inextensibles, accoles les 
10 uns aux autres. Ii s'agit par exemple de fibres de verre ou de car bone ayant 
un diametre de quelques micrometres, ou de fils d'acter. 

A titre indicatif, les meches 10 ont une largeur comprises 
entre 1 et 6 mm, et une epaisseur comprise entre 0,1 et 0,5 mm. 

De preference, le materiau constituant les fibres ou fils qui 
15 forment ces meches ont un faible coefficient de frottement, favorisant le 
glissement mutuel des meches entrelacees, et par consequent favorisant ia 
deformabilite de la structure, 

Comme on le voit a la figure 2A, le tressage des deux series 
de meches 10a d'une part et 1 0b d*autre part est fait avec un certain jeu, 
20 donnant un assemblage l&che qui menage des espaces 11 en forme de 
losanges a 1 'intersection des deux series 10a, 10b. 

A la figure 1 on a represente la preforme ou la matrice dans 
ia configuration qui lui donne la longueur la plus grande possible LI. Dans 
cet etat, la structure est autobloquee, les differentes meches etant en 
25 appui par leurs bords les unes contre les autres. La preforme possede un 
diametre minimal Dl. 

U est possible de deformer cette structure, par exemple 
- comme on le verra plus loin - en lui appliquant une pression interne. 

Ce phenomene est iliustre a ta figure 2. On peut augmenter 
30 Tangle que font les meches avec la direction axiale XX't cette deformation 
f aisant apparaftre les espaces 1 1 deja mentionnes. Aux figures 2 et 2A les 
deux series de meches 10a et 10b sont dans une position intermediate, 
Tangle ^ etant par exemple de Tordre de 30 a 35°. Cette deformation 



Avantageusement, Tangle u est de Tordre de 20° (figures I et 



IA). 
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correspond a une compression axiale A de ia struaure et, correlativement, 
a une expansion radiaie R. La structure possede ainsi une Jongueur L2 
inferieure a LI et un diametre D2 superieur a Dl. 

Cette deformation peut continuer jusqu'a i'etat illustre aux 
5 figures 3 et 3A dans lequel la structure va a nouveau se bioquer, les meches 
constitutives du tressage venant a nouveau en appui les unes contre ies 
autres comme cela est represente a la figure 3A. De preference, le tressage 
est determine pour que ce blocage se fasse lorsque I'angle w que forment 
les meches par rapport a la direction axiale comprise entre 50° et 70°. La 
10 structure possede alors une longueur minimale L3 et un diametre maxima! 
D3. 

Cette deformation est bien entendu reversible, et en tirant 
axialement sur ies extremites de la structure representee a la figure 3 f ii 
est possible de la faire revenir a I'etat de la figure 1. 

15 Le tressage represente aux figures 1A a 3A est un tressage 

simple, dans lequel une meche 10a passe alternativement au-dessus et 
en-dessous d'une meche 10b, et reciproquement- U va de sot que d'autres 
modes de tressage peuvent etre envisages, tel que par exemple celui 
represente a la figure 8. Selon ce dernier, chaque meche 10a passe 

20 successivement au-dessus et en-dessous de deux meches 10b, et recipro- 
quement. 

U convient de rappeler que la structure representee aux 
figures 1 a 3 est purement schematique, destinee a expliquer le phenomene 
de deformabilite de la preforrne ou mat rice. 

25 La figure k montre une preforrne 1 susceptible duplication 

industrielle. Celle-ci comprend plusieurs structures tubulaires deformables 
telle que celle qui vient d^tre decrite, en l*occurence quatre structures 3a, 
3b, 3c et 3d coaxiales, et de diametres de plus en plus petits, emmanchees 
ies unes dans les autres. Dans la pratique, un nombre superieur, par 

30 exemple de dix structures emmanchees peut naturellement etre prevu. Eiles 
sont confinees entre deux peaux en materiaux eiastiques, par exemple en 
matiere elastomere l'une a exterieure et l'autre 5 inter ieure. Le rftle de 
cette derniere pourralt etre joue par la paroi de la matrice. Eiles sont 
impregnees d'un milieu, fluide mais durcissable, par exemple d'une resine 
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thermodurcissable polymerisable a chaud, logee entre ies deux peaux 4 et 
5. 

inaptitude a la deformation des peaux ^ et 5 est choisie pour 
€tre compatible avec celle des structures t res sees 3, ia deformation de 
5 1 'ensemble se faisant conjointement, et avec Ies memes amplitudes. 

En raison de la fiuidite du milieu 30 et de la souplesse des 
structures 3a a 3d, lesquelies peuvent glisser librement les unes par rapport 
aux autres, il est possible de replier la preforme longitudinalement sur 
elle-meme. Les figures 6A et 6B montrent deux modes possibles (non 
10 limitatifs) de pliage, respectivement en forme de U et en forme d'escargot 
(spirale). A la suite d'un tel pliage, on peut done donner a la preforme une 
section transversale presentant un encombrement tres faible. Par 
depliement, on peut deployer la preforme, pour lui donner la forme 
cylindrique representee a la figure 7. Ensuite, par exempie en appliquant 
15 une surpression interne, on peut provoquer J'expansion radiale de la 
preforme, par deformation de chacune des structures concentriques 3a, 3b, 
3c et 3d par application du phenomene decrit precedemment. 

La figure 9 represente une preforme similaire a celle qui vient 
d'etre decrite associee a un outil dilatateur destine a en assurer la mise en 
20 place dans un puits, outil ci-apres appele matrice. 

La preforme 1, representee a Tetat deplie, mais non expanse, 
comprend - comme deja dit * un milieu 30 en resine thermodurcissable qui 
occupe Tespace annulaire situe entre deux peaux en materiau elastique 
Tune exterieure 4 et r autre interieure 5 ou 71 (du manchon 7). Dans cet 
25 espace se trouvent egalement plusieurs structures def ormables tubulaires et 
concentriques formees par des rubans tresses 3. 

La matrice - referenced 6 - comprend un manchon tubuiaire 7 
obture a ses extremites haute et basse par des bouchons obturateurs 60 
respectivement 61. 

30 Le bouchon superieur 60 est traverse par un tube S qui 

presente des ouvertures 80 debouchant, tout comme son extremite libre, a 
Tinterieur du manchon 7. Des moyens appropries non representes, 
permettent d'introduire un liquide sous pression par le tube 8 a Tinterieur 
du manchon 7, via un conduit souple. 



dEST AVAILABLE COPY 



WO 94/25655 PCT7FR94/00484 



Ce liquide peut etre amene a partir de la surface. Dans une 
variante d'execution, on peut faire usage de liquide (boue, petrole...) 
present dans le puits, en J'introduisant dans la matrice a Paide d'une pompe 
5 equipant cette derniere. 

La paroi du rnanchon est constitute de deux menbranes 
elastiques, par exempie en materiau elastomere, l'une interieure 72 et 
l'autre exterieure 71. Entre les deux membranes est disposer une structure 
tubuiaire a meches tressees telle que decrite precedemment, referencees 
10 70. Dans une variante, plusieurs structures concentriques peuvent etre 
prevues, ernmanchees les unes dans les autres comme c'est le cas pour ia 
preforme. 

La longueur du rnanchon 7 est superieure a celle de la 
preforme I. Des bouchons d'extremite 60, 61 sont fixes, par exempie par 
15 collage, dans les rones d'extremite de la membrane interieure 72. 

Le rnanchon 7 est fixe, par sa membrane externe 71, a la 
preforme 1, au moyen de manchettes d'extremite 73, 7*. Celies-ci 
possedent des zones de rupture 730, respectivement 7*0. Les manchettes 73 
et 7k forment des joints d'etancheite entre la preforme et le rnanchon 7 
20 constitutif de la matrice 6. 

L'interface entre la membrane externe 71 du rnanchon et ia 
peau interieure 3 de ia preforme est traitee, par exempie par enduction de 
silicone, pour qu'il y ait peu d'adherence entre ces deux elements. 

Dans un mode de realisation, la peau interieure peut etre 

25 supprimee. 

De preference, comme on le voit sur le detail de la figure 9A, 
ia face externe de la peau exterieure 0 de la preforme possede des patins 
40. II s'agit par exempie de renflements annulaires separes par des cavites 
egalement annulaires *i. La fonction de ces patins est de favoriser 
i'etancheite avec la paroi du puits, et de conserver une precontrainte et 
une certaine soupiesse apres durcissement. 

La figure 10 et les suivantes illustrent l'operation de tubage 
d'un puits de forage petrolier a travers un tubing de production au moyen 
de la preforme 1 et a I'aide de la matrice qui viennent d'itre decrits. 



30 
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On a design* par P la paroi du puits et par la reference 9 le 
tubing de production equipant le puits, ce tubing etant retenu et centre par 
un obturateur hydraulique - ou "packer" - 90. 

A titre indicatif, le diametre interieur du tubing 9 est de 60 
5 mm tandis que le diametre moyen du puits est de 1'ordre de 180 mm. La 
preforme est introduite en etant repliee sur elle-meme, par exemple en 
escargot (voir figure 6B) d'une telle maniere que la plus grande dimension 
de sa section transversale soit inferieure au diametre interieur du tubing 9. 
Cette plus grande dimension est par exemple de 1'ordre de 55 mm. La 

10 preforme est done descendue, en mfcme temps que le tube 8, au niveau 
souhaite a l'interieur du puits. Dans un premier temps, on va provoquer le 
deploiement de la preforme 1, lui faisant prendre une forme cylindrique. 
Son diametre exterieur est alors de 90 mm. Ceci est obtenu en introduisant 
a l'interieur du manchon 7, via le tube 8, un fluide tel que l'eau sous 

13 pression. 

Cette arrivee de fluide est symbolisee par les f leches a la 

figure 10A- 

On augmente ensuite la pression du fluide, comme iilustre par 
les fleches V a la figure 10B. On realise ainsi ^expansion cadiale, a la fois 

20 du manchon 7 et de la preforme 1, par I'effet de deformation du tressage 
qui a etc decrit en reference aux figures 1 a 3. 

Bien entendu, en mfcme temps que s'opere cette expansion 
radiale, on observe une reduction de la longueur de la preforme et de la 
matrice. Elle atteint ainsi un diametre de 180 mm. 

25 La preforme vient done s'appliquer intimement contre la paroi 

P du puits. Le degre d'expansion se fait selon les besoins, e'est-a-dire en 
fonction des asperites de la paroi. 11 s'agit la d'une difference essentielle 
par rapport au dispositif de preforme souple connu, dont la dilatation 
radiale ne peut se faire que selon un diametre bien defini. La preforme 

30 s'adapte done a la configuration de puits qu*elle rencontre. Ceci est encore 
favorise par la presence des patins 40, qui assurent I'ancrage et 
Petancheite. 

On laisse ensuite durcir la paroi de la preforme, en 
introduisant et en faisant circuler un fluide chaud (et sous pression) dans le 
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manchon 7. Lorsque la polymerisation est terminee, on aspire ie fluide 
contenu dans le manchon, ce qui provoque la retraction radiale de celui-ci, 
comme illustre a la figure IOC. 

Par traction vers le haut sur le tube 8, il est alors possible 
5 d'arracher Tensemble de la matrice, par rupture des zones de liaison 
secables 730 et 740. 

Le manchon 7 s'ailonge en se retractant radiaiement, et il est 
possible de Textraire a travers le tube 9. 

L'ancienne preforme 1, durcie, constitue un element de tubage 

10 du puits. 

Un tel tubage peut €tre utilise avec ou sans ciment, en 
fonction des conditions de sol rencontrees. 

II est bien entendu necessaire, au moment de positionner la 
preforme, dans le puits, de tenir compte de sa reduction de longueur axiale, 
15 qui interviendra en cours d'operation. 

Le mode ^extraction illustre a la figure 11 ne necessite pas 
^application d'un vide a Tinterieur de la matrice. 

En effet, grace a la structure tressee, sous l'effet de la 
traction P exercee sur la matrice, ceile-ci se retreint progressivement en 
direction radiale, de haut en bas, se decoliant du tubage 1 (deja durci). 

La reference 7a designe la portion de la matrice deja 
retreinte, et detachee du tubage, dont les meches de structure forment 
Tangle u. 

La reference 7b designe la portion dilatee, dont les meches 
25 forment Tangle w. 

Aux figures 12 et 12 A, on a represente une dilatation de la 
matrice 7 et de la preforme I qui se fait progressivement, du bas vers le 
haut, un liquide de gonfiage etant introduit, via le conduit S, a la partie 
inferieure de la matrice. La progression du gonfiage peut etre obtenue par 

30 exemple en enfermant la preforme et la matrice (a Tetat replie) dans une 
enveioppe apte a se dechirer iongitudinaiement et de bas en haut. 

II va de soi que la structure deformable tressee conforme a 
Tinvcntion peut *tre mise en oeuvre avec des preformes dont la mise en 
place ne ferait pas appel a des matrices de gonfiage utiiisant une telle 

35 structure, et vice-versa. 
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Dans un mode de realisation possible de la structure, certaines 
fibres de certaines au moins des rneches (et, avantageusement de 
l'ensemble des rneches) sont remplacees par des fiis conducteurs d'electri- 
cite, permettant le chauffage de la preforme ou de la matrice, en vue de la 
5 polymerisation de la matrice, lorsqu'ils sont branches a une source de 
courant. 

Ceci est surtout interessant pour une matrice (reutilisable), 
les connections electriques aux deux extremites de la structure ne 
presentant pas de difficultes particulieres. 
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REVENDICATIONS 

1. Structure tubulaire de preforme ou de matrice pour le 
tubage d'un puits, caracterisee par ie fait qu'elie comprend au moins un 
tressage de meches souples (10, 70) composees de fibres (100), qui 
s'entrecroisent avec un certain jeu, de sorte qu'elie peut s'expanser 

5 radialement tout en se restreignant en direction axiale sous Peffet de 
{'application d'une surpression a I'interieur de la preforme (1) ou de la 
matrice (7). 

2. Structure tubulaire selon la revendication 1, caracterisee 
par le fait que ledit tressage comprend deux series de meches (10a, 10b) 

10 s'entrecroisant symetriquement par rapport a l'axe longitudinal (XX*) de la 
structure tubulaire, les meches de chaque serie etant paralleles entre elles, 

3. Structure tubulaire selon la revendication 2, caracterisee 
par le fait que lorsqu'elle se trouve dans son etat radialement contracte, 
chacune desdites series de meches (10a, 10b) forme un angle aigu (u) 

15 compris entre 10* et 30°, et de preference de 1'ordre de 20° par rapport a 
l'axe longitudinal (XX 1 ). 

4. Structure tubulaire selon la revendication 2 ou 3, 
caracterisee par le fait que lorsqu'elle se trouve dans son etat radialement 
expanse, chacune desdites series de meches (10a, 10b) forme un angle aigu 

20 (w) compris entre 50 # et 70* par rapport a l'axe longitudinal (XX 1 ). 

5. Structure tubulaire selon Tune des revendications 1 a 4, 
caracterisee par le fait que lesdites meches (10, 70) sont plates, affectant 
la forme de rubans. 

6* Structure tubulaire comprenant plusieurs structures 
25 elementaires conformes a 1'une au moins des revendications precedentes, 
qui sont emmanchees coaxialement les unes dans les autres. 

7. Structure tubulaire selon Tune des revendications precedentes, 
caracterisee par le fait qu'elie est suffisamment souple pour pouvoir fit re 
repliee longitudinaiement sur elle-mftme lorsqu'elle se trouve dans son etat 
30 radialement contracte. 

S. Structure tubulaire selon l'une des revendications 1 a 7, 
caracterise par le fait que certaines fibres de certaines au moins des 



_BiST^VAILABLE-COEY- 



WO 94/25655 j ^ PCT/FR94/004S4 



10 



meches constitute ves du tressage sont remplacees par des fiis conducteurs 
d'eiectricite pcrmettant le chauffage de la preforme ou de la matrice par 
effet 3ouie lorsqu'iJs sont branches a unc source de courant. 

9. Preforme tubuiaire (I) radialement expansible, pour le 
tubage d'un puits, caracterisee par le fait qu'elle possede une structure 
conforme a Tune des revendications precedentes, et qu'elle possede une 
paroi en materiau composite, formee d'un milieu fluide et durcissable (30) 
dans lequel est noyee ladite structure, et qui est confine entre des peaux 
interieure (5) et exterieure (U) en materiau eiastique. 

10. Preforme seion la revendication 9, caracterisee par le fait 
que ledit materiau (30) est une resine durcissable, par exempie polymerisa- 
ble a chaud. 

H. Preforme selon la revendication 10, caracterisee par le 
fait que ladite peau exterieure possede des reliefs (40), 
15 12. Matrice tubuiaire (6) radialement expansible, servant a 

dilater radialement une preforme (1) pour constituer le tubage d'un puits 
(P), caracterisee par le fait qu'elle possede une structure conforme a I'une 
des revendications 1 a 5. 

13. Matrice selon la revendication 12, caracterisee par le fait 
20 que ladite structure tubuiaire (70) est inseree entre deux membranes 
eiastiques, Tune interieure (72) et i'autre exterieure (71), i'ensemble 
formant un manchon gonflable (7) equipe d'un tube (8) d'amenee de fluide 
dans le manchon. 

1*. Matrice selon la revendication 13, caracterisee par le fait 
25 quelle est fixee a la preforme (1) au moyen d'elements de liaison secables 
(73, 7*). 

15. Matrice tubuiaire a paroi soupie et radialement expansible, 
destinee a venir s'appliquer radialement contre la paroi interieure d'une 
preforme avant et pendant le durcissement de celie-ci, en vue de realiser le 
tubage d'un puits, et notamment d'un puits de forage petrolier, caracterisee 
par le fait que sa paroi est munie d'au moins une structure tubuiaire iiee a 
un support eiastique, et comprenant un tressage de meches souples (70) 
composee de fibres, qui s'entrecroisent avec un certain jeu, de sorte que la 
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structure et son support peuvent s'expanser conjointement en direction 
radiale, tout en se restreignant en direction axiale, sous 1'effet d'une 
pression interne, tandis qu'inversement, ejles peuvent se retreindre 
radialement en s'allongeant en direction axiale sous reflet d'une 
5 depression interne et/ou d'une traction axiale. 
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PREFORM OR MATRIX TUBULAR STRUCTURE 
FOR WELL CASING 

The present invention concerns a preform or matrix tubular structure for well casing, 
particularly an oil well bore-hole. 

In the present description and in the claims, the term "casing" will be understood as a 
well reinforcing tube, the term "preform" is a tubular structure that is initially flexible and is then 
5 hardened to bind tightly and remain against the wall of a well (thus constituting a casing), the 
term "matrix" is a flexible and retrievable structure used as a tool to expand the preform and 
apply it against the wall of the well before it is cured. 

The term "production tubing" refers to a tube that is coaxial to a casing, and smaller in 
diameter, which carries the fluid produced by the well (water or oil in particular). 
10 The centering and sealing of this tubing in the casing is accomplished by means of a 

hydraulically inflatable obturator, commonly called by the English term "packer." 

For casing an oil well bore-hole, as well as for similar applications, flexible and curable 
tubular preforms have already been proposed that are put in place in the folded state — a state in 
which they take up little radial space — then are radially unfolded by application of an internal 
15 pressure. According to this technique, which in particular is described * in the documents 
FR-A-2 662 207 and FR-A-2 668 241, the preform has, after radial deployment, a strictly 
cylindrical shape of specifically determined diameter. 

After being placed in a well or a pipe, the wall of the preform is cured, for example by 
polymerizing said wall, which has a composite structure comprised of a resin impregnating 
20 filamentary sleeves. These sleeves ensure that the preform is radially inextensible. 

According to these techniques, it is necessary to have a deployed casing diameter that is 
slightly smaller than the diameter of the hole to 
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be cased so that the wall of the hole does not change the cylindrical shape of the casing. The 
annular space thus formed, even if it is very small or non-existent in places, must usually be filled 
with a cement to complete the seal between the hole and the installed casing. 

Moreover, in its folded form, the tubular preform has a radial cross section that is less 
than about half of its developed radial cross section, which in most cases is sufficient, but can 
prove to be insufficient for certain applications. The objective of the present invention, therefore, 
is to resolve this problem by proposing a preform the structure of which has a deformable 
geometry that can be applied to the walls of a hole to be cased (or of the casing to be lined) 
without, however, exceeding certain limits, this deformation being controlled and variable 
depending on the different applications. 

Another objective of the invention is to propose a preform the degree of expansion of 
which is clearly superior to those obtained with the known devices of the above-mentioned type, 
the expansion of the preform being done in two stages, first by radial deployment, then by radial 
expansion. 

To accomplish this, the invention proposes a braided tubular structure, which will be 
described further on, this structure also being applicable to a radially expandable matrix, that is, 
to a removable (and reusable) tool used to expand a preform for a well casing, whether or not this 
preform has the structure according to the invention. 

These results are achieved, according to the invention, because the proposed tubular 
preform or matrix structure includes at least a braiding of flexible strands made of fibers that are 
interlaced with a certain amount of clearance so that the structure is capable of expanding radially 
while being constrained in an axial direction under the application of an overpressure inside the 
preform or matrix. 

In one preferential embodiment, this braiding is composed of two series of symmetrically 
interlaced strands on either side of the generatrices of the tubular structure, that is, with respect to 
its longitudinal axis, the strands of each series being parallel to each other. 
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Preferably, each series of strands forms an acute angle with the longitudinal axis of 
between 10° and 30°, and is preferably on the order of 20° when the structure is in its radially 
contracted state, while this angle is between 50° and 70° when the structure is in its radially 
expanded state. 

5 Preferably, the strands are flat, assuming the shape of bands. 

The tubular preform, which is also the object of the invention, is notable in that it has a 
structure as described above. 

In one preferential embodiment, the preform has a wall made of composite material, 
formed from a fluid and curable medium in which said structure is embedded, this medium being 
1 0 confined between interior and exterior skins made of elastic material. 

As a corollary, the interior skin could be the wall of the matrix. 

This material is preferably a resin that is curable, by heat setting for example. 

In one possible embodiment, the exterior skin has portions that stand in relief, for 
example in the form of ring-shaped bulges. 
15 Advantageously, the structure includes several coaxial tubular elementary structures that 

are in accordance with the invention, these different tubular structures being fitted into each other 
with the possibility of relative sliding. 

The structure, preferably, is flexible enough to be able to be folded longitudinally on 
itself when the structure is in its radially contracted state. 
20 Thus, if a preform is concerned, during its installation in the well or in the pipe, the 

operation is begun by unfolding the preform starting at one end in order to give it an 
approximately cylindrical shape, then it is radially expanded by deformation of the structure. The 
deployment by unfolding and subsequent expansion are accomplished by application of a fluid 
inside the preform. 

25 The invention also concerns a tubular matrix with flexible and radially expandable wall, 

intended to be applied 
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radially against the inner wall of a preform before and during the curing thereof, in order to 
produce the casing for a well, and particularly an oil well bore-hole. 

The wall of the matrix is provided with at least one tubular structure attached to an elastic 
support (also tubular, and impervious) and having a braiding of flexible strands made of fibers 
5 that are interlaced with a certain amount of clearance, so that this structure and its support can be 
radially expanded together, while being constrained in an axial direction under the application of 
an internal pressure, while conversely, they can be constrained radially while being extended 
axially under the application of an internal depression (vacuum) and/or an axial tension. 

In one advantageous embodiment of a matrix according to the invention, the tubular 
10 structure is inserted between two elastic membranes, one interior and the other exterior, the 
assembly forming an inflatable sleeve equipped with a tube to carry fluid into the sleeve. 

According to one embodiment, such a matrix is attached to the preform by means of 
easily breakable connecting elements, allowing the matrix to be removed after the casing 
operation, while leaving the casing inside the tube or pipe. 
15 Other characteristics and advantages of the invention will appear from the description and 

attached drawings, which show non-limiting preferential embodiments thereof. 
In these drawings: 

■ 

- figures 1, 2, 3 are diagrams representing a preform or a matrix provided with a tubular 
structure according to the invention, this preform or matrix being represented respectively in the 

20 radially contracted state, in an intermediate state and in a radially expanded state; 

- figures 1A, 2 A and 3 A are detail views representing the braiding of flexible strands 
comprising the structure, in a state of deformation corresponding respectively to figures 1, 2 
and 3; 
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- figure 4 is a perspective view with removal of a preform according to the invention 
having several structures fitted inside each other; 

- figure 5 is a transverse cross section, in larger scale, of the preform of figure 4; 

- figures 6A and 6B are diagrammatical views of the cross section of the preform axially 
5 folded on itself, in two different possible configurations; 

- figures 7 and T are similar views of either of the preforms in figures 6A or 6B, 
respectively after deployment and after radial expansion; 

- figure 8 is a similar view to that of figure 2A showing a variant of the braiding method 
of the structure; . 

10 - figure 9 is a diagrammatical view in longitudinal cross section of a matrix and of a 

preform, both according to the invention, during the installation of the preform in a well, the 
matrix and the preform being deployed but not radially expanded; 

- figure 9A is a detail in larger scale of the area of the wall of the matrix and preform 
referenced A in figure 9; 

15 - figures 10, 10A, 10B, 10C and 10D are diagrammatical views intended to illustrate the 

different successive stages of installing a casing in an oil well bore-hole by means of a production 
tubing, using the matrix-preform assembly of figure 9. 

- figure 1 1 illustrates a possible method of extracting the matrix; 

- figures 12 and 12A represent the progressive inflation of a matrix during the expansion 
20 of a preform in a well. 

The preform or matrix designated 1 in figures 1 to 3 has a tubular shape with a braided 
structure. Said structure is composed of an interlacing of two series of flat strands, or bands 10a, 
10b, which are helically wound to constitute the cover of the structure. The two series are of 
opposite pitch, and the strands are inclined at an acute angle u 



25 
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with respect to the generatrix of the tube it forms, which is cylindrical. To simplify the 
explanation, the axis XX' of the tube in figures 1 to 3 to taken as the reference. The two series of 
strands 10a and 10b are interlaced like caning, and are symmetrical with respect to the axis XX\ 
on either side thereof. 
5 Advantageously, the angle u is on the order of 20° (figures 1 and 1 A). 

Each of the strands 10 is formed from a plurality of fibers or wires, intertwined with each 
other, that are inextensible and have high mechanical strength. For example, these can be glass or 
carbon fibers having a diameter of several micrometers, or steel wire. 

By way of example, the strands 10 have a width of between 1 and 6 mm, and a thickness 
10 of between 0.1 and 0.5 mm. 

Preferably, the material comprising the fibers or wires that form these strands has a high 
coefficient of friction, facilitating the mutual sliding of the interlaced strands, and consequently 
facilitating the deformability of the structure. 

As can be seen in figure 2A, the braiding of the two series of strands, 10a and 10b, is 
15 done with a certain amount of clearance, resulting in a loose assembly that has rhombus-shaped 
spaces 1 1 at the intersection of the two series 10a, 10b. 

In figure 1, the preform or the matrix is represented in the configuration that gives it the 
longest possible length LI. In this state, the structure is self-locking, the edges of the different 
strands being pressed against each other. The preform has a minimum diameter Dl. 
20 It is possible to deform this structure, for example by applying an internal pressure, as 

will be seen further on. 

This phenomenon is illustrated in figure 2. The angle that the strands make with the axial 
direction XX' can be increased, this deformation causing the above-mentioned spaces 11 to 
appear. In figures 2 and 2A the two series of strands 10a and 10b are in an intermediate position, 
25 the angle v being, for example on the order of 30° to 35°. This deformation 
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corresponds to an axial compression A of the structure, and correlatively, to a radial expansion R. 
The structure thus has a length L2 that is less than LI and a diameter D2 that is greater than Dl . 

This deformation can continue until the state illustrated in figures 3 and 3A is reached, in 
which the structure will again lock itself with the strands comprising the braiding pressed against 
5 each other as represented in figure 3A. Preferably, the braiding is determined so that this locking 
is done when the angle w formed by the strands with respect to the axial direction is between 50° 
and 70°. The structure then has a minimal length L3 and a maximum diameter D3. 

This deformation, of course, is reversible, and by pulling axially on the ends of the 
structure represented in figure 3, it is possible to make it return to the state in figure 1 . 
10 The braiding represented in figures 1 A to 3 A is a simple braiding in which a strand 10a 

passes alternatively above and below a strand 10b, and vice versa. Obviously other methods of 
braiding can be considered, such as the one represented in figure 8 for example. According to the 
latter method, each strand 10a passes successively above and below two strands 10b, and vice 
versa. 

15 It should be remembered that the structure represented in figures 1 to 3 is purely 

diagrammatic, intended to explain the deformability phenomenon of the preform or matrix. 

Figure 4 shows a preform 1 that can be used in industrial applications. It is composed of 
several deformable tubular structures such as have just been described, in this instance four 
coaxial structures 3a, 3b, 3c and 3d with smaller and smaller diameters, fitted into each other. In 

20 practice, a greater number of structures fitted together, such as 10, can of course be used. They 
are confined between two skins made of elastic materials, for example an elastomer, one exterior 
skin 4 and the other interior skin 5. The wall of the matrix could be used as said interior skin. 
They are impregnated with the fluid but curable medium, for example a 



WO 94/25655 



8 



PCT/FR94/00484 



heat-setting resin, held between the two skins 4 and 5. 

The capability of the skins 4 and 5 to be deformed is chosen so as to be compatible with 
that of the braided structures 3, because they are all deformed simultaneously and with the same 
amplitudes. 

5 Due to the fluidity of the medium 30 and the flexibility of the structures 3a to 3d, which 

can slide freely with respect to each other, the preform can be folded longitudinally on itself. 
Figures 6A and 6B show two possible methods (non-limiting) of folding, respectively in U-shape 
and snail (spiral) shape. As a result of said folding, the preform can be given a transverse cross 
section that takes up very little radial space. By unfolding it, the preform can be deployed to give 

10 it the cylindrical shape represented in figure 7. Then, for example by applying an internal 
overpressure, the preform can be radially expanded by deformation of each of the concentric 
structures 3a, 3b, 3c and 3d by application of the phenomenon previously described. 

Figure 9 represents a preform similar to the one just described, associated with an 
expansion tool intended to provide for the installation of it in a well, which tool hereinafter is 

15 called matrix. 

The preform 1, represented in the infolded but not expanded state, includes — as already 
explained — a medium 30 of heat-setting resin that occupies the annular space situated between 
two skins made of elastic material, one exterior 4 and the other interior 5 or 71 (of the sleeve 7). 
In this space there are also several concentric, tubular, deformable structures formed by braided 
20 bands 3. 

The matrix — referenced 6 — includes a tubular sleeve 7 closed at its upper and lower ends 
by plugs 60 and 6 1 , respectively. 

The upper plug 60 has a tube 8 passing through it that has holes 80 which, like its free 
end, open into the interior of the sleeve 7. Appropriate means — not represented — allow a liquid 
25 under pressure to be introduced by the tube 8 inside the sleeve 7, via a flexible conduit. 
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This liquid can be taken from the surface. In one variant of execution, the liquid (mud, oil, 
etc.) present in the well can be used by introducing it into the matrix by a pump with which said 
matrix is equipped. 

The wall of the sleeve is composed of two elastic membranes, made of an elastomer 
5 material for example, one interior 72 and the other exterior 71 . Between the two membranes there 
is a tubular structure of braided strands as previously described, referenced as 70. In one variant, 
several concentric structures can be provided, fitted into each other as is the case for the preform. 

The length of the sleeve 7 is greater than that of the preform 1. End plugs 60, 61 are 
secured — by gluing, for example — in the ends of the interior membrane 72. 
10 The sleeve 7 is attached by its outer membrane 71 to the preform 1 by means of end 

collars 73, 74. These collars have rupture zones 730, 740 respectively. The collars 73 and 74 form 
seal rings between the preform and the sleeve 7 that comprises the matrix 6. 

The interface between the outer membrane 71 of the sleeve and the interior skin 5 of the 
preform is treated, for example by coating with silicone, so that there is little adhesion between 
15 these two elements. 

In one embodiment, the interior skin can be omitted. 

Preferably, as can be seen in the detail in figure 9A, the outer face of the exterior skin 4 
of the preform has bolsters 40 [sic]. For example, these are ring-shaped bulges separated by 
cavities 41 that are also ring-shaped. The function of these bolsters is to facilitate the seal with the 
20 wall of the well, and to preserve a prestress and a certain flexibility after curing. 

Figures 10 and following illustrate the operation of casing an oil well bore-hole through a 
production tubing by means of the preform 1 and the matrix that have just been described. 
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P designates the wall of the well, and the reference 9 designates the production tubing of 
the well, this tubing being held and centered by a hydraulic obturator or "packer" 90. 

By way of example, the inside diameter of the tubing 9 is 60 mm, while the average 
diameter of the well is on the order of 180 mm. The preform is inserted, being folded on itself in 
5 snail-like form for example (see figure 6B) so that the largest dimension of its transverse cross 
section is less than the inside diameter of the tubing 9. This largest diameter is for example on the 
order of 55 mm. The preform is then lowered, along with the tube 8, to the desired level inside the 
well. The preform 1 is then deployed, causing it to take on a cylindrical shape. Its outside 
diameter is then 90 mm. This is achieved by introducing a fluid, such as water under pressure, 
1 0 into the sleeve 7 via the tube 8. 

This arrival of fluid is symbolized by the arrows f in figure 10A. 

The pressure of the fluid is then increased, as illustrated by the arrows f in figure 10B. 
This produces the radial expansion of both the sleeve 7 and the preform 1 by deformation of the 
braiding as was described with reference to figures 1 to 3. 
15 Of course, at the same time this radial expansion occurs, a reduction is observed of the 

length of the preform and of the matrix. It thus reaches a diameter of 180 mm. 

The preform is therefore applied tightly against the wall P of the well. The degree of 
expansion depends on the needs, that is, on the roughness of the wall. Herein is an essential 
difference compared to the known flexible preform device, the radial expansion of which can 
20 only be done according to a well defined diameter. The preform therefore adapts to the 
configuration of the well it encounters. This is facilitated even more by the presence of the 
bolsters 40 [sic], which ensure the anchoring and seal. 

The wall of the preform is allowed to cure by introducing and circulating a hot fluid (and 
under pressure) in the 

25 
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sleeve 7. When the polymerization is completed, the fluid contained in the sleeve is removed by 
suction, which causes the radial retraction of the sleeve, as illustrated in figure IOC. 

By pulling upward on the tube 8, it is then possible to remove the assembly from the 
matrix by breaking the rupture zones 730 and 740. 

The sleeve 7 is elongated when radially retracted, and it is possible to extract it through 
the tube 9. 

What was formerly the preform, now hardened, constitutes a casing element of the well. 
Such casing can be used with or without cement, depending on the ground conditions 
encountered. 

When positioning the preform in the well, it is obviously necessary to take into account 
its reduction in axial length, which will occur during the operation. 

The extraction method illustrated in figure 11 does not require the application of a 
vacuum inside the matrix. 

Indeed, as a result of the braided structure, under the effect of the pull F exerted on the 

matrix, said matrix progressively shrinks in the radial direction, from top to bottom, pulling away 

from the casing 1 (already cured). 

The reference 7a designates the portion of the matrix already shrunk and detached from 

« 

the casing, the structural strands of which form the angle u. 

The reference 7b designates the expanded portion, the strands forming the angle w. 

Figures 12 and 12A represent an expansion of the matrix 7 and of the preform 1 which is 
done progressively, from bottom to top, an inflation liquid being introduced via the tube 8 into 
the lower part of the matrix. The progression of the inflation can be achieved, for example, by 
enclosing the preform and the matrix (in folded state) in a cover that can be torn longitudinally 
from bottom to top. 

It goes without saying, of course, that the braided deformable structure according to the 
invention can be implemented with preforms the installation of which does not make use of 
inflation matrices using such a structure, and vice versa. 
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In one possible embodiment of the structure, certain fibers of at least some of the strands 
(and advantageously of all of the strands) are replaced by wires that conduct electricity, allowing 
the heating of the preform or the matrix, for the purpose of polymerizing the matrix when they are 
connected to a source of current. 

This is particularly beneficial for a matrix (reusable), the electrical connections at the two 
ends of the structure not presenting any particular difficulties. 
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CLAIMS 

1 . Preform or matrix tubular structure for casing a well, characterized by the fact that it 
includes at least a braiding of flexible strands (10, 70) made of fibers (100) that are interlaced 
with a certain amount of clearance so that the structure is capable of expanding radially while 
being constrained in an axial direction under the application of an overpressure inside the preform 

5 (1) or matrix (7). 

2. Tubular structure according to claim 1, characterized by the fact that said braiding is 
composed of two series of strands (10a, 10b) that are interlaced symmetrically with respect to the 
longitudinal axis (XX') of the tubular structure, the strands of each series being parallel to each 
other. 

10 3. Tubular structure according to claim 2, characterized by the fact that when it is in its 

radially contracted state, each of said series of strands (10a, 10b) forms an acute angle (u) with 
the longitudinal axis (XX') of between 10° and 30°, and is preferably on the order of 20°. 

4. Tubular structure according to claim 2 or 3, characterized by the fact that when it is in 
its radially expanded state, each of said series of strands (10a, 10b) forms an acute angle (w) with 

15 the longitudinal axis (XX') of between 50° and 70°. 

5. Tubular structure according to any of claims 1 to 4, characterized by the fact that the 
said strands (10, 70) are flat, assuming the shape of bands. 

6. Tubular structure composed of several elementary structures according to at least one 
of the preceding claims, that are coaxially fitted into each other. 

20 7. Tubular structure according to any of the preceding claims, characterized by the fact 

that it is flexible enough to be able to be folded longitudinally on itself when the structure is in its 
radially contracted state. 

8. Tubular structure according to any of claims 1 to 7, characterized by the fact that 
certain fibers of at least some of the 

25 



WO 94/25655 



14 



PCTVFR94/00484 



strands comprising the braiding are replaced by wires that conduct electricity to allow the preform 
or the matrix to be heated by the Joule effect when they are connected to a source of current. 

9. Radially expandable tubular preform (1), for casing a well, characterized by the fact 
that it has a structure in accordance with any of the preceding claims, and that it has a wall made 
of composite material, formed from a fluid and curable medium (30) in which said structure is 
embedded, this medium being confined between interior (5) and exterior (4) skins made of elastic 
material. 

10. Preform according to claim 9, characterized by the fact that said material (30) is 
preferably a resin that is curable, by heat setting for example. 

1 1 . Preform according to claim 10, characterized by the fact that the said exterior skin has 
portions (40) that stand in relief. 

12. Radially expandable tubular matrix (6), used to radially expand a preform (1) to form 
the casing of a well (P), characterized by the fact that it has a structure that conforms to any of 
claims 1 to 5. 

13. Matrix according to claim 12, characterized by the fact that the said tubular structure 
(70) is inserted between two elastic membranes, one interior (72) and the other exterior (71), the 
assembly forming an inflatable sleeve (7) equipped with a tube (8) to carry fluid into the sleeve. 

14. Matrix according to claim 13, characterized by the fact that it is attached to the 
preform (1) by means of breakable connecting elements (73, 74). 

15. Tubular matrix with flexible and radially expandable wall, intended to be applied 
radially against the inner wall of a preform before and during the curing thereof, in order to 
produce the casing for a well, and particularly an oil well bore-hole, characterized by the fact that 
its wall is provided with at least one tubular structure attached to an elastic support and having a 
braiding of flexible strands (70) made of fibers that are interlaced with a certain amount of 
clearance, so that this 
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structure and its support can be radially expanded together, while being constrained in an axial 
direction under the application of an internal pressure, while conversely, they can be constrained 
radially while being extended axially under the application of an internal depression and/or an 
axial tension. 



[see original for figures 1-12A] 



INTERNATIONAL SEARCH REPORT 



[see original for English] 



transperfect|translations 



AFFIDAVIT OF ACCURACY 



ATLANTA 
BOSTON 
BRUSSELS 
CHICAGO 
DALLAS 
DETROIT 
FRANKFURT 
HOUSTON 
LONDON 
LOS ANGELES 
MIAMI 
MINNEAPOLIS 
NEW YORK 
PARIS 
PHILADELPHIA 
SAN DIEGO 
SAN FRANCISCO 
SEATTLE 
WASHINGTON. DC 



I. Kim Stewart, hereby certify that the following is, to the best of mv 
knowledge and belief, true and accurate translations perfomied by 
professional translators of the following patents from French to English: 



WO 99/25951 
WO 97/06346 
WO 96/21083 
WO 96/01937 
WO 94/25655 
2 780 751(98 08781) 
2 717^5$f94 03629) 




'A 



''Jit 



Kim Stewart 
TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 * 



Sworn to before me this 
23rd day of January 2002. 

Signature, Notary Public 




OFFICIAL SEAL 
MARIA A. SERNA 
NOTARY PUBLIC 
,n Um Slats of Ikna 
My oommlasion enMrot 03-22-MOS 



Stamp, Notary Public 
Ham's County 
Houston, TX 



3600 ONE HOUSTON CENTER. 1221 MCKINNEY. HOUSTON, 



BEST AVAILABLE COPY 



TX 77010 | TEL 713 650-0440 FAX 713 650-0439 WWW.TRANSPERFECT. 



COM 



